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Abstract 
The status and evolutionary relationship of two indigenous Jelutung trees, i.e. Dyera costulata (Miq.) Hook.f and Dyera lowii are 
less known. Meanwhile their economic value have raised concern about their conservation from overharvesting. This study aimed 
at clarifying the status, structure, distribution and diversity of the two Jelutung trees in their natural habitats in Jambi Province, 
Indonesia. Six study sites were selected, which represent gradual transformation habitats of the two tree species, i.e. from dry 
upland forest to peat swamp forest, as well as from relatively low disturbance to locally managed forest. Vegetation analysis were 
performed in 1 Ha plots consisted of 20m x 20m square plots and line transects. Results showed that in three dry upland forests 
only D. costulata was found, while D. lowii was only grown on the other three peat-swamp forests, without any overlapping 
population suggesting an existence of ecological barrier. In high diversity conservation forest (H ranges 3.335 -3.940) both species 
were not dominant (IVI= 3.347 – 18.763) and found only in narrow stripe of a remnant population. Meanwhile in more disturbed 
forest area or locally managed jungle (H ranges 1.820 –3.564), the two species were becoming more dominant (IVI ranges 20.736 
– 127.271), presumably due to preference of local community. In their closest to nature habitat both species have uniform 
distribution pattern, however human intervention has changed the distribution pattern into clumping. Based on  the distribution and 
local adaptation of the two species implication of allopatric speciation is discussed.  
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of LISAT-FSEM2015. 
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1. Introduction 
Many natural forest and conservation area, including natural parks in Sumatra, especially in Jambi province have 
been degraded and transformed into different land-use. Along with the degradation and transformation process, 
biodiversity is declining and some tree species is becoming endangered or even lost [1]. Indigenous tree species called 
“Jelutung” is economically important in Indonesia, and harvested intensively by local community for both its timber 
and latex. Jelutung timber is used for board, pencils, chopstick, toys, furniture accessories, while its latex is basic 
ingredient for chewing gum, also suitable for "bubble" gums. Export of jelutung from Indonesia averaged 3600 t 
annually over the periods of 1988-1993 [2]. Extensive and intensive harvesting from its natural habitat by local 
community has made those tree species rare.  
Two types of Jelutung are known locally because of their occurrence in two different habitats, i.e. upland tree 
(Dyera costulata (Miq.) Hook.f) and swampy forest tree (D. lowii). Although listed as two different species, the 
evolutionary relationship of the two Jelutung is little known. Both tree species are often used interchangeably for 
reforestation activity either in degraded upland or peat-swampy forest and/or land in the area as part of their 
conservation program. 
This study is aimed at investigating the status and distribution of the two species as well as diversity of their natural 
habitats in Jambi Province, Sumatra Island, Indonesia in order to delineating evolutionary significant unit (ESU) for 
conservation program. 
2. Methodology 
Six study sites were selected (Figure 1) which represents natural habitats of the two jelutung species, i.e. dry-upland 
forest (PT. REKI, Catur Rahayu and Lagan Ulu) and peat-swampy forest (Bram Itam and Sungai Beras Plot I and Plot 
II). The sites represent gradual changes from dry upland forest (PT REKI) to lower peat-swampy forest area (Bram 
Itam Conservation Area).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Six selected study sites, i.e. PT REKI (conservation forest company), Bram Itam, Sungai Beras, and Lagan Ulu protection forests, as well 
as Catur Rahayu jungle rubber. 
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Purposive sampling method was applied when establishing survey plots, of which plots were made at the position 
where a jelutung tree was first found. The position of Jelutung was mapped using GPS in two of the study sites (Figure 
2 and 3), i.e. in PT REKI for D. costulata and Bram Itam Protection Forest for D. lowii, which represented the least 
disturbed conservation forest area and thus the closest to their natural habitat condition in the region compared to other 
sites.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Map of upland Jelutung (D. costulata) location in PT REKI, conservation forest company. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Map of swampy Jelutung (D. lowii) location in Bram Itam protection forest. 
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In each study sites at least five 1Ha plots consisted of 20mx20m square plots and transect lines (Figure 4) were 
established, where vegetation analysis was performed. The 20mx20m plots were used for tree inventory, 10mx10m 
for pole stage, 5mx5m for sapling stage and 2mx2m for seedlings and undergrowth vegetation census. Plant species 
was first identified by its local name, later the scientific name was identified using collected herbarium specimen at 
LIPI-Herbarium Bogorienses. Data was analyzed using Microsoft Excell and several indices were calculated, i.e. 
Relative Dominance, and Important Value Index [3], Shannon-Wiener and Margalef indices [4] as well as Morisita 
index [5]. 
 
 
Fig. 4. Sampling plot design for vegetation analysis, where 2mx2m for seedlings or undergrowth vegetation, 5mx5m for saplings, 10mx10m for 
poles and 20mx20m for trees. 
3. Results and discussions 
3.1. Research area description based on GIS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Distribution of land types in Jambi Province, Indonesia.  
Transect 
direction 
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Fig. 5 show distributions of land types, i.e. wet- and dry land in Jambi Province, where the study sites were located. 
Based on land types PT REKI and Lagan Ulu, where the upland Jelutung were found are located in dry-land, while 
the sites where swampy Jelutung were found, i.e. Bram Itam, Sungai Beras I and Sungai Beras II are on wet land. 
Exception case was Catur Rahayu which is located on wet land, but the plant found was upland Jelutung. This seemed 
discrepancy might be due to the scale of the map, which was very big, that small variation on land type was not 
detected. It is possible that among the wet land area there are some patches of dry land, where upland Jelutung could 
grow. 
 
 
Fig. 6. Map of soil types in Jambi Province, Indonesia. 
Figure 6 shows that most wet land have peat soil with waterlogged condition, whereas dry land where the study 
sites located was consisted of podzolic soil and gley humus soil. The GIS data depicted in Figure 5 and 6 indicated 
that swampy Jelutung (D. lowii) prefers organic soil (histosol) as its habitat with waterlogged. This species is tolerant 
to a root zone which has low oxygen content. Usually this habitat has relatively higher average temperature because 
it is located in a lower altitude, i.e. 2-8 m above sea level. On the contrary upland Jelutung (D. costulata) apparently 
grows on mineral soil in dry condition. Root of upland Jelutung grows well in soil with high content of oxygen. The 
habitat area of upland Jelutung, especially PT REKI is located at about 60 m above sea level, that average daily 
temperature is lower than swampy Jelutung habitat. Therefore, geographically the two Dyera species were shown as 
having different, separate natural habitat with different condition in Jambi Province. 
398   Ulfah J. Siregar et al. /  Procedia Environmental Sciences  33 ( 2016 )  393 – 403 
3.2. Vegetation analysis 
Analysis on plant communities in six study sites as habitats of the two Dyera species were presented in Table 1. In 
both upland and swampy forests the level of biodiversity is highly correlated with the forest condition. PT REKI and 
Bram Itam Conservation Forest, which are in better condition because of better conservation management, have higher 
number of species and basal area than other sites of similar category. The other four sites have lower number of species 
and basal area because of anthropogenic disturbance as their locations are nearer to people settlement, especially Catur 
Rahayu area has been transformed into jungle rubber managed by local community. Effect of disturbance on species 
diversity was also shown by lower value of both Shannon-Wiener and Margalef indices at Sungai Beras Plot I and II, 
Lagan Ulu and Catur Rahayu compared to PT REKI and Bram Itam. The nature of the ecosystem, i.e. dry upland 
forest with mineral soil and peat-swampy forest apparently has had effect on the degree of disturbance, of which the 
former is easier to be encroached and transformed than the later as indicated by lower value of all parameters observed 
in Lagan Ulu and Catur Rahayu forest area compared to Sungai Beras I and II area. Changes in biodiversity value and 
pattern due to habitat disturbance have been reported elsewhere [6.7]. 
Table 1. The number of species, individuals, basal area, and diversity indices of six study sites in this research.  
Variables 
Sites 
Upland forest Swampy forest 
PT REKI Catur Rahayu Lagan Ulu Sungai Beras II Sungai Beras I Bram Itam 
No. Species 87 15 14 44 36 65 
No. Individuals 569 241 360 852 765 2006 
Basal Area (m2) 39,93 9,617 9,411 23,707 16,151 56,93 
Shanon Index 3,940 1,820 2,544 3,564 3,407 3,335 
Margalef Index 13,556 2,553 2,209 6,373 5,271 8,417 
 
Estimation of Important Value Index (IVI) of the two Dyera species in the six study sites was shown in Table 2. It 
is interesting to note that in three upland forest sites only D. costulata was found whereas D. lowii was absent. On the 
contrary in three peat-swampy forests studied only D. lowii was present whereas D. costulata was absent. With 
exception of Bram Itam Conservation Forest in all study sites seedlings of the two Dyera species were not found. The 
absence of seedlings of the two Dyera species in most study sites was probably due to common practice of collecting 
seedlings of some important tree species in the region by local community for reforestration program. 
List of top ten species having highest IVI in each study sites and at each stage were shown in Table 4. In highly 
conservation forests (PT REKI and Bram Itam) both Dyera species were not dominant species because they are not 
included in the top ten listed here. The trees of both Dyera species were found only in narrow strip of remnant 
population as shown in Fig. 2 and 3. 
Table 2. The importance value index of two Dyera species in the study sites. 
Species Growth Stage 
Sites 
PT Reki 
 Catur 
Rahayu 
Lagan Ulu 
Sungai 
Beras II 
Sungai 
Beras I 
Bram Itam 
D. lowii 
Seedlings na na na 0 0 3,268 
Saplings na na na 0 0 2,953 
Poles na na na 9,681 24,211 1,806 
Trees na na na 20,736 30,890 3,347 
D. costulata 
Seedlings 0 0 0 na na na 
Saplings 3,111 0 0 na na na 
Poles 0 18,195 3,151 na na na 
Trees 18,763 50,992 127,271 na na na 
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On the contrary in more disturbed forests, i.e. Catur Rahayu, lagan Ulu, Sungai Beras I and Sungai Beras II, those 
two Dyera species are becoming dominant because of preferential selection by local community. In Catur Rahayu 
where people intervention was at the most, as jungle rubber is the form of landuse nearly becoming plantation forest, 
vegetation at seedling and sapling stages were not found. The dominant species in this area were rubber and D. 
costulata which are both economically important to local community. 
This study clearly showed that regardless of degree of disturbance at the ecosystem studied, each Dyera species 
has conserved its own niche, of which D. lowii only occupies peat-swampy forests (Bram Itam, Sungai Beras I and 
II) whereas D. costulata grows only on upland forests (PT REKI, Catur Rahayu and Lagan Ulu). The absence of 
overlapping population of the two species in the study sites, which represented gradual changes from one ecosystem 
into another, indicated an existence of a habitat barrier between the two species. Ecological barrier has been proposed 
as one important stage for ecological speciation [8-10]. The absence of overlapping population also indicated a 
possibility of allopatric speciation [9, 11]. In the point of view of niche conservatisms certain species, in this case 
either D. costulata or D. lowii, was unable to adapt to certain abiotic condition over given timescale, which lead to 
two different species from common ancestor [13]. The speciation was probably taken place during the glaciations 
period, which separated Sumatra Island from the mainland South-East Asia and created peat-swamp forest along 
Eastern Coast of Sumatra, including Jambi Province.  
Table 3 showed the value of Morisita index, which indicated the dispersion pattern of the populations in the study 
sites. In their closest to nature habitats, i.e. PT REKI and Bram Itam Conservation Forest, and LaganUlu both species 
showed relatively uniform distribution pattern as Morisita index were greater or equal to zero and less than one [14]. 
However in other sites both species showed aggregated distribution pattern with Morisita indices were greater than 
one. Human intervention in the form of positive selection has apparently changed the distribution pattern from uniform 
into clumping distribution of both tree species studied. Similar result has been reported by [15]. 
Table 3. Morisita index of the two Dyera species in the study sites. 
Species Growth Stage 
Sites 
PT Reki Catur Rahayu Lagan Ulu Sungai Beras II Sungai Beras I 
 
Bram Itam 
D. lowii 
Seedlings na na na na na 0 
Saplings na na na na na 0,667 
Poles na na na 2,500 1,257 na 
Trees na na na 1,462 1,374 0 
D. costulata 
Seedlings na na na na na na 
Saplings na na na na na na 
Poles na 0,893 na na na na 
Trees 0,725 1,923 0,782 na na na 
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4. Conclusions and Suggestions 
Two indigenous tree species in Jambi Province, Indonesia, i.e. D. costulata and D. lowii were found occupy two 
different habitats without any overlapping population, suggesting an allopatric speciation. Regardless of disturbance 
and degree of human intervention on the ecosystem habitat, the two Dyera species clearly showed niche conservatism. 
Disturbance and human intervention, however has apparently changed the distribution of the two Dyera species, from 
uniform into agregated. Further confirmation on the evolutionary relationship of the two species is needed using 
molecular marker in order to find out the estimate of the speciation time. Conclusions and Suggestions. 
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